Abstract-(1) The brains of 17-day-old quaking and jimpy mice were compared with those of the corresponding normal phenotypes. The concentrations of cerebroside and sulphatide were found to be markedly lower in the affected mutants, while the relative amounts of ceramide and free fatty acid appeared normal.
MATERIALS A N D METHODS
The mice were obtained from The Jackson Laboratory, Bar Harbor, Maine through the courtesy of Mrs. Priscilla W. Lane. The animals were decapitated at 17 days of age and the heads were frozen and shipped in drj ice. Jimpy (jp) is sex-linked and is maintained with the linked marker, tabby (Tu).
The jimpy mice were of two kinds: +&/Y with controls 4-+/Y, and Tujp/Y with controls Tu + / Y .
The quaking mice were of the genotype qk/qk and the controls were either heterozygotes (qk/+) or homozygous normal (+/+), the two being indistinguishable visually.
The procedures for processing the brains are largely described in another paper ( BOWEN and RADIN, 1969) . Lipid analyses were made by treating a portion of the brain homogenates with chloroform-methanol, washing the extract with dilute KCl solution and separating the lipids by TLC on Silica Gel G.
The cerebrosidase content of the brain homogenates was determined by incubation with galactose labelled cerebroside, following enzymic digestion and acid precipitation of the enzyme. In the experiments on dispersibility, the homogenates (prepared from pools of three brains) were diluted with additional buffer to 12 ml/g brain and sonicared with a dipping probe. Centrifugation at 100,000 g for 1 hr yielded the supernatant and nondispersible fractions. Since the brains had been frozen prior to analysis, the cytosol fraction had to be included with the dispersible fraction. The supernatant fraction was assayed without digestion and acid precipitation because relatively little endogenous cerebroside was present.
The assays for the other acid hydrolases were carried out as previously described (BOWEN and WIN, 1969), except that the glucosidase was assayed at pH 5 and the arylsulphatase was assayed according to the procedure of SELLINGER and HIATT (1968). Linearity with respect to amount of enzyme was good except for sulphatase in total homogenate and supernatant liquid. The nonlinearity for sulphatase was similar in both diseased and normal animals and is apparently due to the presence of phosphate, which is inhibitory (DIXON and WEBB, 1964) .
RESULTS A N D :DISCUSSION
Lipid analyses. In confirmation of the work of previous workers, the content of cerebrosides and sulphatides was found to be extremely low while the other major lipids were similar in proportion. This extends the previous observations to mice containing the Ta trait and mice of both sexes. TLC with chloroform-methanolacetic acid (90:2: 8) showed that only a trace amount of nonhydroxy ceramide occurs in the lipids; no difference could be seen between the mutants and their controls. 3) showed distinct spots of similar intensity, corresponding to free fatty acids. The ceramide content was of interest because this lipid is the product of cerebrosidase action and the fatty acid content was of interest because this enzyme is markedly activated by free fatty acids.
Total cerebrosidase actiuities. The data in Table 1 show that there is little difference between the jimpy and control mice (lines 3-6) but that a significant decrease (17 per cent, P < 0.01) exists in the quaking mice. The cerebrosidase activity observed in the quaking mice does not appear to account for the low cerebroside content in these mice and the low enzyme value may reflect a feedback response to a deficiency in cerebroside level. There appears to be no significant difference in cerebrosidase content between the sexes.
The incubation system used in the above assays did not contain oleic acid, which was later shown to augment the observed activity of the rat brain enzyme considerably. The assay procedure used here involves digestion with pancreatic enzymes, with consequent formation of free fatty acids and the resultant cerebrosidase preparation contains free fatty acids. It therefore seemed possible that the preparation from the quaking mice showed lower activity because of the lower concentration of lipids in their brains. This point was checked by re-assaying the cerebrosidase in the stored The superscripts identify littermates. The numbers in italics identify females. The activities of the pooled brains were calculated by adding the activities in the supernatant and nondispersiblefractions.
preparations in the presence of an additional 350 pg of oleic acid. Both quaking and control cerebrosidase were increased by about 90 per cent (the loss of activity after 40 days of storage was equal too, about 8 per cent). The enzyme from the other mice showed even better stability and a similar amount of activation. The cerebrosidase assay procedure involves discarding two fractions which ordinarily contain a small amount of activity. This point was checked with these mice and no difference was observed between phenotypes (10 per cent of the activity was in the nondigestible fraction and 1 per cent was in the acid-soluble fraction).
The dispersibility of acid hydrolases. The total activity of arylsulphatase, NPGluH and NPGalH in every group of mice was quite similar ( Table 2 ). This contrasts with the decrease found for cerebrosidase in quaking animals (Table 1) .
In another paper (BOWEN and RADIN, 1969) we showed that the hydrolase activities in the cytosol of rat brain were considerably less than the dispersible activities. This was confirmed for cerebrosidase in the case of an extra group of quaking and control mice (the activities in the cytosol were about the same). Thus the activities in the supernatant fraction ( Table 2) can be assumed to be primarily of the dispersible type.
The fraction of activity that is dispersible by sonication is quite different for each enzyme, as shown with rat brain. The data for NPGluH are not shown because the - (82) 59 (94) 21 (91) - ( supernatant contained so little activity (ratio <0.17). Thus this brain enzyme is very similar to the corresponding enzyme in rat liver (BECK and TAPPEL, 1968). Both cerebrosidase and NPGluH appear to be bound to relatively large membrane fragments, whereas much of the sulphatase and NPGalH is attached to material which is readily rendered dispersible.
No difference between mutants and controls was seen with respect to the fraction that was dispersible except for the cerebrosidase activities. The quaking mice showed a ratio that was 28 per cent higher than that of the controls, while the ratio for the jimpy mice was 47 per cent higher. These differences cannot be attributed to an assay error arising from abnormal amounts of endogenous cerebroside in some samples as the observed specific activities were about the same with 5 and 10mg portions of brain. As a further check of the validity of the assays, the extra groups of mice (shown by the asterisk) were assayed with the use of the '1ipase'-pH 3 procedure for both supernatant and nondispersible fractions. The results were similar to those shown in the table.
When the dispersible cerebrosidase is compared on an absolute rather than relative basis, the quaking and both genotype control mouse groups exhibit the same average activities (48, 45 and 50 units). The absolute activity in the dispersible fraction of the jimpy mice was 72 units, 44 per cent higher. This difference may mean that the deficiency in myelin and cerebroside content in the jimpy brains is due to a dernyelinative process, while that in the quaking mice is due to a deficiency in deposition. Evidence that the jimpy disorder is one of demyelination comes from the appearance of sudanophilic lipid droplets and macrophages coincident with the onset of myelination. No such signs are detectable in quaking mice and preliminary data from this laboratory indicate that there is a deficiency in cerebroside biosynthesis (MORELL and RADIN, unpublished).
In another paper (BOWEN and RADIN, 1969) we offered evidence for the involvement of the cytosol activity in normal, physiological functioning and now we propose, on the basis of the above observations, that the dispersible activity functions in pathological states, possibly acting to initiate demyelination. In this connection, it is of interest that in the case of naphthyl esterases of human brain, there is a marked increase in the dispersible fraction obtained from the plaques of multiple sclerosis and Schilder's disease (BARRON and BERNSOHN, 1965) .
